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This application is a continuation-in-part of U.S. 

Serial No. 081,874, filed August 5, 1987, the contents 

of which are hereby incorporated by reference into the 
subject application. 

Field of the Invention 

This invention is in the field of immunodiagnostics. 
More specifically, this invention provides test strips, 
as well as kits containing, and methods employing, 
these strips for use in the immunological detection of 
analytes in aqueous liquids, particularly biological 
samples such as blood, urine, and the like. 

Back ground of the In vention 

in recent years, the detection, or quantitative deter- 
mination, or both, of analytes based upon reactions 
with immunological reagents has gained considerable 
importance, especially in the field of medical testing. 
Commonly, these methods involve contacting a sample 
25 suspected of containing the analyte with a material 
which exhibits specific immunologic reactivity with the 
analyte, for example, an antibody directed to an 
epitope present on the analyte. If the analyte is 
present in the sample, it specifically conjugates with 
30 the antibody to form a complex. A wide range of 
"developer" or "reporter" mechanisms have been proposed 
and are in use to indicate whether the conjugation 
reaction occurs. (See, for example, United States 
Patent Nos. 4,366,242, issued December 28, 1982 to 



35 



BNSDOCID' <WO B901158A1J_> 



WO 89/01158 



PCT/US88/02684 



-2- 



Neumann, et al; 4,278,653, issued July 14, 1981 to 
Harris, et al.; and 4,208,479, issued June 17, i 98 o to 
Zuk, et al.) 

. Such methods have become increasingly popular since the 

introduction of monoclonal antibodies (KAbs) , which may 
be produced using the technology developed by Kohler & 
Milstein, "Continuous Cultures of Fused Cells Secreting 
Antibody of Preferred Specificity," Nature . (1975) 256: 
495-7, and which have unique specificity f or the 
analytes with which they conjugate. (See, for example, 
United States Patent No. 4,S76,110, issued March 8, 
1983 to David, et al.). 

As these methods have evolved, there has been a 
parallel search for better ways to apply them on a day- 
to-day basis. This has led to a range of test devices, 
test kits, and the like. (See, for example, United 
States Patent Nos. 4,623,461, issued November 18, 1986 
to Hossom, et al. ; 3,888,629, issued June 10, 1975 to 
Bagshawe; 4,458,020, issued July 3, 1984 to Bonn, et 
al.; 4,496,654, issued January 29, 1985 to Katz, et 
al.; and 4,305,924, issued December 15, 1981 to Piasik 
et al.) 

Desirable characteristics of a test kit or device 
include the following: 

1. The test device or kit should be easy to 
store and to use. 

2. It should give unambiguous results without 
false positives or false negatives. 

3. It should allow a multiplicity of samples 
to be screened in a short period. 

4. Ideally, it should provide the user with 
positive indication that it has been used properly as 
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confirmation that a false reading has not been 
obtained. 

5. Preferably, it should allow a plurality of 
tests to be run simultaneously. 

6. Preferably, the test can be configured to 
use whole blood or its fractionated components. 

It is a primary object of the present invention to 
provide a test strip and a test kit based thereon which 
provides these desirable features. 
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Summary of the Invention 

The present invention provides a test strip for 
detecting, in a sample from a human subject, the 
presence of an antigenic substance which comprises a 
solid support, the antigenic substance bound to a first 
discrete area on the solid support, an anti-human 
antibody bound to a second discrete area on the solid 
support as a positive control, and an antibody directed 
against an antigen which does not naturally occur in 
human subjects bound to a third discrete area on the 
sol .d support as a negative control. 

The invention additionally provides a test strip for 
15 detecting, in a sample from a human subject, the 

presence of an antigenic substance which comprises a 
solid support, an antibody-based reagent directed 
against the antigenic substance in an immune complex 
and native human antibody thereto bound to a first 
2Q discrete area on the solid support, an anti-human 

antibody bound to a second discrete area on the solid 
support as a positive control, and an antibody directed 
against an antigen which does not naturally occur in 
human subjects bound to a third discrete area on the 
25 solid support as a negative control. 

The invention also provides a method for detecting in a 
sample from a human subject the presence of an 
antigenic substance using the aforementioned test 
strips. 
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Thus, the present invention provides a test strip for 
immunologically detecting the presence of one or more 
analytes in aqueous specimens. The strip device 
comprises a solid support which has a plurality of 
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. . _ B11 -farp At least one of these 
discrete areas on its surface. At xeas»i. 

areas is a test area which carries a monoclonal 

antibody (or a combination selected from polyclonal 

antibody, mono- or divalent antibody fragment, hybrid 

antibody, heterobi functional antibody, or genetically 

5 manipulated or cloned antibody) to an analyte to be 

detected or quantitatively determined. This antibody 

or combination is preferably conjugated to, or 

immobilized on, the surface of the support. At least 

one of che discrete areas on the test strip carries a 

10 positive control, i.e., a control material which 

produces a .ositive signal only when the test area ha., 

been contacted with the specimen. In preferred 

embodiments this positive control is an immunological 

control, such that the control event includes an 

immunological reaction between a species always present 

in the specimen and its immunologically specific 

partner immobilized in the positive control zone. 

in other preferred embodiments, this test strip 
includes at least one area carrying a negative control, 
that is, a control material which does not give rise to 
a detectable event in the presence of a normal specimen 
but does give rise to a detectable event when the 
sample is abnormal. 

in another embodiment, this test strip contains a 
plurality of separate test areas containing different 
antibodies or combinations of antibodies so as to 
detect more than one analyte in the specimen. 

I„ another embodiment, this test strip contains a 
plurality of separate test areas containing different 
analytes or combinations of analytes to detect antibody 
or other analytes. 
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In yet another embodiment, this invention provides a 
test kit. This test kit includes the test strip just 
described and a test plate comprising a plurality of 
liquid holders, each shaped and sized to receive the 
test strip and to permit the test areas and positive 
control zone and negative control zone, if any, to 
simultaneously contact each of a sequence of liquids 
which are predeposited in the holders and at least one 
of which includes the test specimen. 

In a presently pre erred embodiment of this kit, the 
test plate comprises a plurality of liquid holders so 
as to permit a plurality of specimens to be tested at 
the same time," using a plurality of test strips. 
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n aS rri D tior of the Figures 

Figure 1 is a perspective view of a test strip in 
accordance with the invention, showing its various 
zones or areas in semischematic form; 

Figure 2 is a perspective and semischematic view of 
another embodiment of a test strip of this invention, 
together with a sample test plate; 

Figure 3 is a perspective view of a test plate adapted 
to permit multiple specimens to be tested 
simultaneously; and 

Figure 4 is a block diagram of a typical test protocol 
which may be employed according to the present 
invention. 



20 



25 



30 



35 



BNSDOCID <WO _890115BA1J_> 



WO 89/01158 



PCT/US88/02684 



-8- 



10 



15 



20 



25 



30 



35 



Detailed Description o f the Invention 

This invention provides a test strip for detecting, in 
a sample from a subject, particularly a human subject 
the presence of an antigenic substance. This test 
strip comprises a solid support, the antigenic 
substance bound to a first discrete area on the solid 
support, an anti-human antibody bound to a second 
discrete area on the solid support as a positive 
control, and an antibody directed against an antigen 
which does not naturally occur in human subjects bound 
to a third discrete area on the .olid support as a 
negative control. Such a test strip may also be 
readily adapted so as to quantitatively determine the 
amount or concentration of the antigenic substance 
present in the sample. 

This invention also provides a test strip which 
comprises all of the elements of the aforementioned 
test strip and additionally comprising an antibody- 
based reagent directed against the antigenic substance 
xn an immune complex and native human antibody thereto 
bound to a fourth discrete area on the solid support. 

In one embodiment of this invention, the antigenic 
substance is a virus or a viral protein. For example, 
the antigenic substance may be HIV-1, HIV-l G AG 
protein, HIV-l env glycoprotein, HIV-l POL protein 
HTLV-1 GAG protein, HTLV-1 ENV glycoprotein, HTLV-1 POL 
protein, or an epitope thereof. 

In test strips according to this invention, the solid 
support may comprise glass fiber filter paper, 
nitrocellulose, scintered glass, plastic, synthetic 
Polymer, cellulose, cellulose acetate, 
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polytetrafluoroethylene, polyethylene, polypropylene, 
or polyvinylidine fluoride. 

in certain embodiments of this invention involving an 
antibody-based reagent, this reagent comprises a 
monoclonal antibody, polyclonal antibody, mono- or 
divalent antibody fragment, hybrid antibody, 
heterofunctional antibody, or genetically manipulated 
or cloned antibody. 

in a preferred embodiment of this invention the anti- 
human antibody on the test strip is a monoclonal 
antibody. 

Similarly in a preferred embodiment of this invention, 
the antigen which does not naturally occur in human 
subjects and which is present on the test strip is a 
synthetic organic molecule, e.g., dinitrophenol . 

in preferred embodiments of this invention one or more 
20 of the anti-human antibody, the antibody directed 

against an antigen which does not naturally occur, or 
the antibody-based reagent is labeled, for example, 
labeled with a radioactive isotope, fluorophore, 
chromophore, or an enzyme which catalyzes a chemical 
25 reaction which produces a detectable product. 

The invention also provides a test strip for detecting, 
in a sample from a human subject, the presence of an 
antigenic substance which comprises a solid support, an 
antibody-based reagent directed against the antigenic 
substance in an immune complex and native human 
antibody thereto bound to a first discrete area on the 
solid support, an anti-human antibody or other 
appropriate anticellular structure bound to a second 
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discrete area on the solid support as a positive 
control, and an antibody directed against an antigen 
which does not naturally occur in human subjects bound 
to a third discrete area on the solid support as a 
negative control. As those skilled in the art will 
appreciate, such a test strip may be readily adapted so 
as to quantitatively determine the amount or 
concentration of the antigenic substance present in the 
sample. 



The invention further provides a method for detecting 
xn a sample from a human subject the presence of -an 
antigenic substance which comprises pretreating the 
sample to be tested so as to prevent non-specific and 
specific binding of substances present in the sample to 
proteins, including antibodies and recombinant 
antigens, present on the test strip, and thus prevent 
spurious results; contacting the resulting pretreated 
sample to be tested with the aforementioned test strip 
under conditions such that the antigenic substance 
bound to the test strip forms a complex with any 
antibody directed against it which is present in the 
sample and in the case of test strips onto which both 
the antigenic substance and the antibody-based reagent 
25 are bound, so that antigenic substance present in the 

sample binds to antibody thereto present on the test 
strip; thereafter treating the test strip to remove 
uncomplexed antibody directed against the antigenic 
substance; contacting the resulting, treated test strip 
with labeled antihuman antibody under conditions such 
that the antihuman antibody forms a complex with any 
human antibody bound to the test strip; detecting the 
presence of labeled antihuman antibody bound to the 
test strip and thereby the presence of, or antibody to, 
the antigenic substance and thus detecting the presence 
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of th. a„ti,«i= substance in the sample; end verifying 
the correctness of the detection so made by seans of 
t„e positive and negative controls on the test strip. 

The invention additionally provides a method of 

* lectin, in a sample from a human subset the presence 
of an antigenic substance which comprises pr.tr.at.ng 
th. sample to be tested so as to prevent non-sp.cifi= 
binding of substances present in the »^ 
proteins, including antibodies, present on «- 

10 strip and specific binding of human antibodies to the 

strip °n t- oravent spurious results; 

antigenic substance, and thus prevent sp 
contacting the resulting pretreated sample with the 
^.mentioned under conditions such that the ant^o y- 
based reagent bound to the test strip forms a complex 

« with any antigenic substance which is present in the 
s^Ple; contacting the resulting, treated test str P 
labeled antibody directed to th. antigenic 
^stance under conditions such that the labeled 
antibody forms a complex with any antigenic substance 

*> «und to th. test strip; detecting the pr««.ce of 
L.led antibody directed to the antigenic substance 
bound to the test strip and thereby th. presence of the 
antigenic substanc. in th. sample; and verifying the 
correctness of th. detection so mad. by means -of the 

2= positive and negative controls on the test strip. 

In preferred embodiments of the invention the 
Hereinabove described method involves as th. antigenic 
suostance, a virus or viral protein, and as th. sample, 
30 blood, serum, urine, or the like. 

T „. invention also provides th. aforementioned methods 
wherein th. v.rifi=ation comprises contacting tt. test 
strip with labeled antihusan antibody under conditions 
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such that the labeled antihuman antibody binds to human 
antibody bound to the test strip. 

Thus, the present invention provides an improved test 
5 strip device. One embodiment of this device is shown 

as 10 in Figure l. it includes a solid support n 
having a plurality of readable areas 12, 14 and 15. 
While support 11 is shown as a solid „ dip sticJc „ 
structure, it can be virtually any geometric shape, 
1Q xncluding cube, block, rod, cylinder, prism, polygon, 

spiral, sphere, or segmented combinations thereof. It 
can also be a carrier device holding materials such as 

plastic, metal, paper, or the like. It can be made of 

a wide range of materials including plastic, such as 
ts polystyrene or the like; metal; paper; glass fiber; 

filter paper; nitrocellulose; scintered glass; 

synthetic polymers; cellulose; cellulose acetate; 

polytetrafluoroethylene; polyethylene; polypropylene; 

polyvinylidine fluoride; or any other material 
2Q including the materials which it comes in contact with 

during the test. Commonly, the materials deposited on 

its surface are adsorbed, chemically coupled, or 

otherwise bound to the surface of the test strip as 

described hereinafter. 

Readable areas 12, 14 and 15 are arrayed separately on 
support 11 so as to give a plurality of potential 
signals when the strip is processed in the analysis 
method. At least one of the readable areas includes 
3Q antibody which is immunoreactive with a test analyte in 

the test specimen. The readable areas may also include 
an analyte reactive with test antibody or test analyte. 
At least one of the readable areas includes a positive 
control which reacts with a test specimen to verify via 
35 a detectable signal when the test strip properly 
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contacts a test specimen. Preferably, this positive 

control is an immunologic positive control which 

control — .^.lon with a nonanalyte 
undergoes immunologic reaction witn 

species in the specimen. 

5 The readable ar.es e» also include a negative control 

r^ely. a discrete are. containing one or acre reagents 
that do not produce . reading with the ^ speech if the 
epeeinen is proper* handout wh«h d, give a 
reaction and produce a signal if ">e 

10 defective or has been nishandled. 

The relative position o£ the positive conttol and 
the antibody-containing areas £ «^ ~ 

strip 10 is «~d « « diP / " lM or "holds" 
technicien or outdated test device grips « ho 
the strip by top end 16 and dips it into the l«ud 
specimen and other reegents, lower end " **\ 
«,.t area 12 will contact these liquids before 
^ l^e" It is desirable, therefore, that the 
P rsitive control, which gives a positive reading , on* 

L. the .and ^n^ 

it be positioned as the lasr w 
upperaost are., e.g., IS in Figure 1. 
negative control, if present, should be positioned as 
ttl first to be contacted or bottommost, e.g., 12 in 
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The positive control and the negative controls are 
preferably im^nologic. That is, «*"-^» 
function by means of immunological reactions. Thus, 
rlapl.. when the test specimen, are ^ - 
h.e^ e typical positive control could be a region 
Tested tf b. tr«ted with a common immunoglobulin 
aXways found in blood or its fractionated components. 
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The test reagent region (14 in Figure i) is ba<50( , 

"; des at least one antib °" ™* 

analyte being tested for. A wide range of antibcdi 
against a wide range of potentially important ^ 
*ave been desoribed i„ tbe literature JL^J^T 

Turning to Figure 2/ a variation on the test strip of 
Figure i is shown as 21. strip 21 is shown Jl a Z I 

zzr r ysis kit 20 ^ — sztjz 

areas ' ^ " 11 « readable 

ZZl ; 15 ^ P revio «^y described and an 

second antibodv aoainef «.*. contain a 

tiooay against the same antigen of area i 4 

r r r s ? ~ r imation - - r - : - 
n a — -s^rni tit 

reagents are generally tau^ » 

» giOM to pr<VTOt eross . con£Minatlon 

anaiytes ar. coaaonly i M obai*ed on plasties 
T^f T SlllCa 9,1 ' »«, glass filters, or the 
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has several characteristics For- 

Pluralitv af i * •„ iCS * For one ' it contains a 
Plurality of liquid storage wells such as 25, 26, 27, 
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- , a The exact number is selected to accommodate 
l a l o; s Z^ired to effect the d.^ assay 

..w a_v, Q «54 ze of each of the wens 
sequence. For another, the size or ea 

so as to permit the strip to be inserted. For 
is set so as zo petan accommodate a 

another, th. .ell. are deep « «- fl 

5 depth of liquid -d- whioh » a depth adequ 
completely cover all the readable area. U. M 
or 12, 14, 24 and 15, present on the test strip. 
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T„ use one or sore of the well, of test plate 22 are 
In use, o«» . . . . e nf reacrents ana 

charged with pred.termined ^ t ^' end then 

I— to a 'predetermined protocol. ~ 
to a readable detection event which is reaa y 
wlthT. remits of the positiv^nd n^. controls. 

analyte is present in the specimen. 

For example, in a typical protocol a test strip sight 
be constructed with » ant^ody • ^ 

as a contaminant, or the like. 

W.11 2, is charged with s P~-""~~? * * 
diluent, buffer or a 111. aqueous med urn A 9 
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constituents. This allows the immunological ».«*• 
to occur between th. antibodies i„ th.se «. J a nT 
eppropriat. apacias in tha blood. W 

5 Tha sample wall 25 and any other wall may contain 
various raagants to p re vant undesired reactions and 1 
IDca. These say include materials a, as to alter the 
properties of the sample, or materials to „« h 

remove undesired crosa-raactive materials i„ Z 
10 samples. Kiais ln the 

Acuirent problem with most immunodiagnostic assays is 
the undesirable interact i„„ , assays is 

the coated solid ^hase ( i e h T ™tuents with 

,5 of interaction often causa ' 

• .. cause negative samDles to k» 

interpreted as false positives o samples to be 
mini™^* v Positives. Background may be 

minimized by partitioning the undesirable reactanJ 
(specific and nonspecific) onto a e / reactants 

■» ~»»™ ««.«™, ,„ 

•gant for the second solid phase partitioning. 

oesiJ.Tt 9Ur :t i0n ** MCOnd *— «■«« be 

aesxgnad for the mechanics of the reaction. Adsorbent 
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reagents would coat the chamber walls of the sample 
tray for some solutions. For rapid immunoassay, a 
critical step in controlling background is the initial 
mi xing of solid phase and sample. The second so lid 
_ phase should be free to move within the mixing solut on 
5 (a second strip of any geometric shape or particles) . 

A preferred method would employ an adsorbing means 
comprising a suspension of particle beads (appr-i-te 
diameter of 1 to 10 micrometers) or any or all of the 
, n chambers into which the test strip is immersed. The 

10 advantage is a large total surface area for rapid 
reaction kin.cics and maximum diffusion of reactants^ 
Preincubation of sample with adsorbent coated particles 
would quickly remove background components before 
exposure to the test strip. Preparation of these types 
15 of particles is described in the examples. 

Next the test strip is removed from well 25 and 
inserted into well 26. Well 26 may contain, for 
example, a premeasured quantity of a wash solution to 

20 remove interfering materials, or the like. Thereafter, 
the test strip is passed to a well 27 containing a 
detection system, for example, a labeled antigen, or a 
labeled antibody to the bound antigen or the like. 
Next, the strip may be moved to well 29 for washing and 

25 finally to well 30 where a substrate (e.g. , chromogenic 
reagent) is added or already present. in some cases, 
excess liquid on the strip may be removed and substrate 
added directly to the strip. Other wells may be 
present to contain other reagents as required or 

30 

desired. 

Figure 3 illustrates an extension of the invention in 
which test block 22 includes a plurality of sets (i.e., 
4 sets) of wells so that there are four sample wells 



BNSDOCID <WO B90115BA1J„> 



WO 89/01158 



PCT/US88/02684 



-18- 



25, four wash wells 26, etc. This permits multiple 
samples to be tested at once with multiple test strips. 

I'Zll ' Pr °; ides 3 bloc * diagram of the typical test 
protocol 3 ust set forth and points out the sequential 
nature of the test method. 

It will be appreciated by those skilled in the art that 
this invention is not lifted to particular antibodies, 
reagents, particular samples, or particular utilization 
chemxstnes and that reasonable alternatives may be 
employed without departing from its teachings. 

It should be noted that suitable antibodies for use in 

15 attibodT r T Snt regi ° n(S) ^ be —clonal 
anybodies, polyclonal antibodies, »ono- or divalent 

antibody fragments, hybrid antibodies, heterobi- 
functxonal antibodies, or genetically manipulated or 
cloned antibodies. 



10 
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The test itself is, as notea ab(Jve> , 
immunologically detecting the presence of one or sore 

™ * SPeeiMn> «- test is need 

m either the detection or the quantitation of bound or 
unbound label, wherein aaamt Qf ^ ^ 

corr^ponds to the amount of analyt. in the specimen. 
As used herein, the "immunoassay procedure" of the 
subject invention may be in the nature of immuno- 
electron microscopy of fluroescwc. polarization, or it 
»»y be an immuno-fluorescent or fluorescent 
-™»assay, . radioMtric ssssy, an ensyme-linked 
immunoassay, or a photon-counting bioluminescent or 
ch^lumxnescent assay. In the case of the enzyee- 

seTecL 1 ™ UnOMMy ' °» used is normally 

selected from the group consisting of alkaline 
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rtV : riage . horseradish peroxidase, 

chronog.nic conpound, a ^"^"^^cent, 
or a nuor.sc.nt, i-^""*' bl ferrOTaanetic 
chemiluminescent, phosphorescent, or «rr 

material . 

™. analvte may be virtually any compound or organism 
, 0 ^cTu^able using the - £ 

i - e -. a r^r^copirir^r^u: 

protein, including _9W P ^ „ 

antibody, polysaccharide, call or blo od 

bacterium, protozoon, parasite, rungu , 

feU substance, blood fluid substance, or a component 

" o any of the forgoing. In a preferred embodiment, a 
plurality of analytes is detected ^ « a 
Lrticularly preferred embodiment includes HIV l e 
ST^ EHV glycoprotein, HIV-1 POI ^ protei . 
L.V-1 «> P»t.in, HTLV-1 EHV glycoprotein, and HTW 1 

20 ^ protein purified from natural isolates, recombinant 
genetic manipulations or chemical synthesis. 

The aforementioned analytes -ay also be bound to the 
Test strip as the actual detecting reagents in 
25 alternative assay procedures. 

K1nnH or its fractionated 
- -; iMn uri " y raliva. vagiLl fluid, seminal 

30 nuid and excre^nt, inflammatory fluids pleural 
effusion, pulmonary fluid, tissue extracts and the like 
derived from mammalian, avian, reptilian, amphibian, 
arthropod and the like. 
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In alternative embodiments ~~ 

k« 4. . o raiments, the specimen or sample to 

waste chemicals or water *w 

• ^ - . . warer, and the analyte may be an 

ln *ust rial pouutant o r t«ic = n „ ical pre .. nt 

P es wnxch are not intended to and should not 
construed so a s t0 liait in a „ y ^ ^ « - 

L™:: r . - * - — ~£ 
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I. re paration of the Test Stic* 

i 

Test strip prototypes were constructed from the li* . - 
9 e-well tissue cuiture pistes (Costar, catalog ,13096). 
strips were cut fro. the lid using . -«P 
attachment on e soldering iron so thet the '"^ 

) .i^ioc each surror nded cy a 

1 contained 8 contiguous circles, each s 

raised peripheral ring. strips can also 1.. used as 
auPPort stents to contain highly 
pnas. ,e.g., Bylon me*rane or nitrocellulose paper . 
k. strip was washed in a butter and allowed to axr 
- dry . 

Monoclonal antibodies, designated DHP1 (CM ««- ««• 
Lcific tor dinitrophenol) and anti-HIgG (CB6 mouse 
£l specific tor immunoglobulin G . wer e gxf s 

• tron'cr. Pao-Hin laboratory 

Mti-mv gag (mouse Igoi, •P' 5 ""' 

Antx HIV eao < purchased fro* Epitope, 

Immunodeficxency Virus-1) was pur 

inc. (catalog .5001,. CoOctaxls of MAbs «^ 
specificity for each analyt. can be used. Here, the 
25 mL were mad. 100 microgram./.! xn Trxs B» «d 
saline (TBS, 0.15 M HaCl, 0.05 M Trxs, .^J^^ 
microliters was applied directly to *«"^* ""^ 
„, htv-1 (Litton Bionetics, HTI.V-3, eat. 

"Z 1 -imgrUl. ' - 

*> microgram,/.! in TBS. 10 Microliters were applxed 
directly to the designeted circular segment. The 
ordering of reagents was as follows: 
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Anti-Hiv GAG (detects virus antibody complex) 

HIV-1 (detects antibody) 

Anti-DNP (negative control) [bottom] 

™. sties »as placed horizontally (solution side up, 

to dry for about 30 minutes. The sticK was placed in 

ser^ ln9 1 b SOlUti ° n (TBS ^ °-" 1 ^ine 

serum elbumm, BSA. and 0.1% sodium azide, for a 
minimum of is minutes. 



EaBSBtign of Adsorbent --— 

TO Minimize .the contribution of certain samples- 
surf^ " t0 Pr ° t * lM « solid 
surfaces (or solid surfaces directly), late* 

pclystyrene particles were covalently coupled wi" 
monoclone! anti-DNP Mtibody (purifiei ^ ^ 

Plasma membrane can also be coupled to latex particles 

chemi T a " alyt * iS elth « ^ed or 

chemicelly coupled,. m addition, the nonspecific 
adsorbent can be coeted on any other solid phase or 
maoel n ^ ^ °* "»*«• ^ibody is 

s^L « rr™"^ in ras - p»o^t..buff„.d 

Se~« f ' PaMaX tah -* t «l- P^i*ed Research 

Pert^ : * ' l984) " C0,,Plin, ° f *• »*« 

y ^ ""soluble carbodiimid. Method," by 

added t J ° Uey ' Ph ' D - > - "*" Mtlb0 * »• 

^oon LTf "* P,Ueted 1St « CPandex, 
Epioon oarboxyl-polysty™„e particles, catalog ,31-010- 

'.^r 1Utt,m V " tritUrited — "POM* to 20 s«: 
of 1.2 W "* r - concentration 

3 (3 dimethyleminopropyn-oarbodiimide, catalog «- 
7750, i. added to maxe a final concentration of Lout 5 
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■illigrams/«l. The solution is rotated gently for one 
hour at rooB teBpersture end washed (with PBS) end 
pelleted (12,000 x ,. 3 In. room tempereture) three 
times. The finel beed solution is Bade 0.01% to 0.5% 
5 (w/v) in blocking buffer. 

III. sample Tray 

A sample tray was configured by solvent welding plastic 
cuvettes (Elkay Products, catalog #127-1010-400) with a 
brand cyanocrylate glue. The cuvettes were 1 cm x 1 cm 
x 4.5 cm. in this example, the tray contains 7 
cuvettes (with lids). In this example , the first 
compartment contained 2.5 ml of an approximately 1 . 0 
„ micrograms/mi; inactivated HIV-1 (Litton Bionetics 
' 5 HTLV-3, cat. #37225, 1 milligram/ml, HP40 inactivated) 

in blocking buffer containing about 0.1% adsorbent 
beads described above. The second compartment 
contained 2.5 milliliters wash solution (TBS/0.3% 
Tween). The third compartment contained a mixing 
20 solution (2.5 milliliters of blocking solution with 

about 0.1% adsorbent beads) for diluting the human 
blood specimen. The fourth compartment contained 2.5 
milliliters wash solution (TBS/0.3% Tween). The fifth 
compartment contained 2.5 milliliters of developing 
25 conjugate solution; polyclonal goat anti-human 

immunoglobulin coupled to alkaline phosphatase (Jackson 
Lunolesearch Labs, catalog #109-5576) diluted 1:500 
in blocking solution with about 0.1% adsorbent beads 
The sixth compartment contained 2.5 milliliters of wash 
30 solution (TBS/0.3% Tween). The seventh compartment 
contained 2.5 milliliters of presubstrate wash solution 
(pH 10 alkaline buffer) . 
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IV. The Assay 



The lid for chamber #3 was removed. a drop of blood 
(obtained by a lancet puncture to a finger 
alternatively, i to so microliters of serum may be 
used) was allowed to drip into the third compartment. 
With each chamber covered with its respective lid, the 
entire tray was gently shaken several times to ensure 
mixing of blood and bead solution. The tray was 
returned to its original standing position and the lid 
removed from chamber #1. mie the blood was 
incubating in chamber #3, a test strip was immersed in 
chamber #1. The solution was gently stirred with the 
test strip and allowed to incubate at 42'C for about 20 
minutes, care was taken to ensure that the readable 
was maximally exposed to the solvent phase. The strip 
was transferred to compartment # 2 and washed for about 
10 seconds. The strip was transferred to compartment 
#3 containing the blood/adsorbent mixture. The 
solution was gently mixed and allowed to incubate with 
the strip for about 30 minutes at 42«C. The strip was 
transferred to compartment #4 and washed for about io 

WiTaLtT ^ ^ tranSfe ~* d to apartment #5. 
With about 5 seconds of gentle stirring, the strip was 
allowed to incubate (stirring every i min.). After a 
total of about 10 minutes incubation, the strip was 
transferred to compartment #6 and gently stirred for 
about io seconds. The strip was transferred to 
compartment #7 and washed for about io seconds. The 
strip was removed and tapped lightly to remove excess 
liquid. one drop (about so microliters) of substrate 
(5-bromo-4 : chl 0 ro. 3 .indolyl phosphate, Sigma catalog 
*!"1 7 "' " alkaline bu «~< PH 10) was added to each 
readable area. After approximately 10 minutes, the 



PCT/US88/02684 

WO 89/01158 

-25- 

color reaction o £ eaO ree^le area -» »— " 
~.itiv. <»lu. color, or negative <no color). 

V. Tr- t -° T T' re ' t:ation 

5 ,„ he va iid if the segment containing 

5 The assay can only be valld refflains col orless. 

tne anti-DNP «Ab (negate ^control) r that 
The adsorbent beads should remove all ^ 

— " 3 ^l/tr - confirm this 

control readable area bind human 

10 function. The anti-Hig se ^ Tnis reaction 
^globulin present^ bloo — „ not 

m ust be positive or else the itive blue 

wording, thus invalidating the test ; ^ 
col or in the HXV-x segment xnd^e J A 

IB antibody to HXV-1 J^J^^ suggests that 
positive response xn the antx 

virus is present complexed with 
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5 x * Preparatio n of the Test sninv 

Strips were cut 7 ' Catal °* # 309 *> • 

contained 8 contiguous circles „„! P 
raises peripheral ^ ing . "» *™ded by , 

-upport stents to co^ MoT ^ "* " 
Phase f. „ « , oon «m highly adsorbent solid 

Sso ill" ' " «**~>**~ pap«^ 

aj.so, sticks can be constructs ^ p p r ' ' 

contain »c....d reactor— *T * ^ ~ 

in a buffer and allo^ Z a" dry ~ — ' 

Monoclonal antibodies, designed dmpi 

^=i«c for -initrophenolJ^dtLZ^; 

1901, specific for hu»an i-unoglobuU^ I """" 

directly to the " "liters vere applied 

Anti-hunan Ig G (positive control, [top] 
HIV-i (detects antibody) [middle] 
Anti-DNP (negative control, [bottom] 
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The stick was placed horizontally (solution side up) 

The stick was p anti body allowed to dry for 

i_ fn a 45 «c oven and the anciBwujr 

into a «d <- placed in blocking 

r:.r rr:t; h ti" u - in . S e^ 

5 15 minutes. 

To «i„i.iz. the contribution of certain saaples^ 
affinity to bina to proteins ^ 
=„rfaces (or solia surfaces directly). i« 
surfaces <« covalently couplea with 

polystyrene J (purified nman T-c.H 

monoclonal antl-DKP ant* y^ ^ 

• sucTas ^actosiaas. =« else be 

ZZnc aasorbent can be coatea on any other soUa 
speciric a« lls of the chamber. 

*4i'r»etlv onto the wans «»■ 
phase or direcciy onwu 

-tiboay is eaae 200 — — ^ ^„ tories 
phosphate-bufferea saUne^ pH 7... £-« ^ ^ 
pubU .hea Research Report, Ho- 4 (1 > ^ 

ss-z r,-t:- - 

rliboay soiution was aaaea to — ^« 
late* particles (Panae*. Ep «on uas 
particles, catalo, .31-010-! . ^» „ „„„ 

trituratea ana exposea to 20 sec 
bath. The final concentrate of beans _ «» 
30 Solia carboaiinia. C«*>. 1 «"£ ' 1 

- so^ion i, rotatea center - 
hour at room temperature and washed (with PBS) 
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pelleted (12,000 x o 3 ™<« 

tHmoe JL \. 5/3 Din *' room temperature) three 

tx*es The fxnal bead solution is made 0.01% to 
(w/v) in blocking buffer. * 

III. Sample Tray 

«v«£ SL wa : ty *~ -»*». p^=tic 

4 s « t «.* cuvettes were 1 cm * i cm x 

wL lids^ L,^ 1 *' «*— « cuvettes 

sol'ut ' " rSt ehMber stained a mixing 

solution (2.5 milliliters of 10 ... ^ 
about o i* ,d„,K ! ! Wockmg solution with 

o.i* adsorbent beads) for diluting >. 
blood specimen Th. . . diluting the human 
mil,*,.. ' S " =< "" 1 cha »b« contained 2.5 

miUUiters wash solution (TBS/o.3% Tween) . The third 
chamber contained 2.5 milliliters of develop 
connate.- polyclonal goat anti-human immul^ul"* 
coupled to alkaline phosphatase (J ,c*son Immunor e » h 
labs catalog #109-6576) diluted 1:500 in bioclcino 
solution. The fourth chamber contained 2.5 mimuters 

c^r^irrifrub r — = 

r io r i„. 

* °" SUbStrate (5-bromo-4-=hloro-3-indolyl 
Phosphate. Sig ma catalog #B . 0766> ^ «£1 

XV. The Assay 

n^S: ^ ^ a 42' water bath. 

or plas i S (5 " 20 ° -an be used, of serum 

or plasma was added into the first chamho,- L 

in chamber i was ali^nT ch *nber. The sample 

42-C r 4 n incubate for 3 minutes at 

w ; 45 ^^: 6 t used) - The solution was « 

ith the test strap and allowed to incubate at 
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4 2 -c tor about 45 minutes. Care was taXen to ensure 
that the re,dable area was maximally exposed to the 
solvent phase. The strip was transferred to chamber #2 
end washed for about 1-10 seoonds. The strxp was 
transferred to chamber #3. With about 5 seoonds of 
gentle stirring, the strip was allowed to -^»«J* 
«-C for about 45 minutes. The strip was transferred 
to chamber #4 and gently stirred for about 1-10 
seconds. The strip was transferred to chamber .5 and 
...bed for about 1-10 seconds. The entire sample trey 
was removed from the 42-C water bath and placed on the 
bench et room tempereture. The strip was **"-«"-« 
to chamber H and allowed to incubate at room 
temperature for 10-20 minutes. The color reactor . of 
each readable area was recorded as positive (blue 
color) or negative (no color) . 

Three double-blind studies were performed to determine 
the presence of antibodies to HTV-1 in patient serum. 

Test A: 25 out of 50 serum samples (Peralta Cancer 
^en^r", Oakland, CA) were Western Blot (WB) positive 
for HIV-1 antibodies (predominantly gp41 only), 
other 25 were from a WB negative donor serum pool. The 
test accurately identified 100% of the samples as 
negative or positive as compared with the WB results. 

Test B: 21 HIV-1 WB positive blood samples, and 7 
^"positive blood samples (as originally screened on 
the Abbott HIV-1 antibody test at the Massachusetts 
General Hospital Blood Bank, Boston, MA) were tested 
with the test, in the test, all 21 WB positive samples 
were confirmed along with the 23 WB negative samples. 
All 7 false positive samples were negative by the test. 
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Zest_c: 9 HIV-i WB positive blood samples (NYU Medical 
Center) and 10 WB negative blood samples were correctly 
identified by the test. Two HIV-l antibody positive 
semen samples, two saliva samples and 1 urine sample 
were also positive in the test. 
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l gre eassSiss "* T ° gt stleks 



Test stick, are the same as those in Example 1 The 
following monoclonal antibodies are *«M it. the 
.tide: IPS (Calypte Biomedical company', ant! HIV-1 « 
monoclonal antihody. IgGl) . anti-HIgG and anti-DHP. 
Here the MAb. were made 100 milligram/ml in Tris 
« fereTsoline and 10 microliters applied 
I designated circular segment The ordering of MAbs 

was as follows: 

Anti-Human IgG (positive control) [top] 
Mti-HIV SAG (detects P24) (middle) 
Anti-DHP (negative control) [bottom) 

The stick is Placed horizontally solution side up into 
oven and antibodies allowed to adsorb for about 
0 minutes. The stick was placed in blocking solute 
5% horse serum) for a minimum of 15 minutes. 

H. ~. r ..™tion o f Adsorbent Beeds 

To minimise the contribution of certain samples' 
affinity to bind to proteins denatured on so id 
surfaces (or solid surface, directly) and to affect 
rem^a of contaminating hu»n anti-GAG (soluble or „ 
complexes, , latex polystyrene •"^""V"^"^ 
coupled with recombinant HIV-1 p24 GAG protein. The 
recombinant antigen is made 100-200 micrograms/ml in 
PBS The antigen solution was added to washed and 
pTlleted latex particles. The solution was triturated 
and exposed for 20 second, of an ultrasonic bath. The 
final concentration of beads was 0.5*. Solxd 
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carbodiimide is added to make a f inal concentration of 
about 5 milligrams per ml. The solution is rotated 
gently for one hour at room temperature and washed 
(with PBS) and pelleted (12,000 x g) three minutes, 
room temperature 3 times. The final bead solution is 
made 0.01% to 0.5* (w/v) in blocking buffer. 

III. Sample Tray 

The first compartment contained 2.5 ml of blocking 
buffer containing about 0.1% recombinant antigen 
adsorbent beads described above. The second 

compartment contained 2.5 milliliters wash solution 
(TBS) . The third compartment contained 2.5 milliliters 
of developing conjugate solution; polyclonal goat anti- 
HIV-i GAG coupled to alkaline phosphatase diluted 1:500 
in b locking s - olution . The fQurth coapartment conta . ned 

2.5 mxlliliters of wash solution (TBS). The fifth 
compartment contained 2.5 milliliters of presubstrate 
wash solution (ph 10 alkaline buffer) . 

IV. The Assay 

100 microliters of patient sample (blood, serum 
Plasma) is added to a shallow well, containing twenty 
mxcrolaters of dissociation buffer (1 „ HCl-glycine 
buffer) . The solution is then transferred into chamber 
#1. The solution was gently stirred with the test 
strip and allowed to incubate at 42 -c for about 20 
minutes. Care was taken to ensure that the readable 
area was maximally exposed to the solvent phase. The 
strip was transferred to compartment # 2 and washed for 
about io seconds. The strip was transferred to 
compartment #3 with about five seconds of gentle 
stirring. The strip was allowed to incubate for about 
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*+ 42-C The strip was transferred to 
20 minutes at 42 C. stirred for about 10 seconds, 
compartment #4 and gently stirred tor 

■~. «feri» was transferred to compartment #5 and washed 
The strip was tra remoV ed and tapped 

for about 10 seconds. The st xi was r ^ 
n«htlv to remove excess liquid. one «o P 

liters) of substrate (5 -bromo-4-chloro-3-indolyl 
microliters) of s alkaline buffer, 

phosphate, Sigma catalog #B 0766 in 
«h 10) was added to each readable area 
pH 10) was reaction of each 

negative (no color) . 
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What is claimed is: 
5 Vhi=„ co*£L; Pr * SenM °' » -*Wo substance 



a) a solid 



support; 



10 



b) the antigenic substance bound to a «. 
terete area on the solid support, 

c) an anti-human antibody bound to 

discrete area on the -n/ SeCOnv 

" tne solid support as a 
control; and a P° si tive 



15 

d) an antibody directed against an 
does not naturally occur in hln b " 
to a third discrete area on the solid * 
negative control. SUPP ° rt as a 

20 

»-^jri^r^r ioaaiiy — - 

substance ln » !2L. " i ""' Wt 0,6 ovigenic 

--to b ~o°r p f " native huMn 

25 the solid support. Hscrete area on 

glycoprotein, ^'^L^ ^7'™^ ^ 
HTLV-l ENV glycoprotein, HTLV-l ^ Pr ° t6in ' 
epitope thereof. L P rotei *, °r an 
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5 A test strip of claim 1, wherein the solid support 
comprises glass fiber filter paper, nitrocellulose, 
scintered glass, plastic, synthetic polymer, cellulose, 
cellulose acetate, polytetrafWoethylene, 

polyethylene, polypropylene, or polyvinylidine 
fluoride. 
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6 A test strip of claim 2, wherein the antibody- 
based reagent comprises a monoclonal antibody, 
polyclonal antibody, mono- or divalent antibody 
fragment, hybrid antibody, heterofunctionel antibody, 
or genetically manipulated or cloned antiboiXy. 

7. a test strip of claim 1, wherein the anti-human 
antibody is a monoclonal antibody. 

8 A test strip of claim 1, wherein the antigen which 
does not naturally occur in human subjects is a 
synthetic organic molecule. 

9. A test strip of claim 8, wherein the synthetic 
organic molecule is dinitrophenol . 

10. A test strip of claim 1, wherein the anti-human 
antibody or the antibody directed against an antigen 
which does not naturally occur is labeled. 

11. A test strip of claim 2, wherein the antibody- 
based reagent is labeled. 

12. A test, strip for detecting, in a sample from a 
human subject, the presence of an antigenic substance 
which comprises: 

a) a solid support; 
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b) an antibody-based reagent directed against the 
antigenic substance in an immune complex and 
native human antibody thereto, bound to a first 
discrete area on the solid support; 

c) an anti-human antibody bound to a second 
discrete area on the solid support as a positive 
control; .and 

d) an antibody directed against an antigen which 
does not naturally occur in human subjects bound 
to a third discrete area on the solid support as a 
negative control. 

13. A method -if or detecting in a sample from a human 
subject the presence of an antigenic substance which 
comprises : 

a) pretreating the sample to be tested so as to 
prevent non-specific and specific binding of 
substances present in the sample to proteins, 
including antibodies and recombinant antigens, 
present on the test strip, and thus prevent 
spurious results; 



b) contacting the resulting pretreated sample 
with the test strip of claim l or claim 2 under 
conditions such that the antigenic substance bound 
30 to the test stri P forms a complex with any 

antibody directed against it which is present in 
the sample and, in the case of the test strip of 
claim 2, so that antigenic substance present in 
the sample binds to antibody thereto present on 
the test strip; 
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c) thereafter treating the test strip to remove 
uncompleted antibody directed against the 
antigenic substance; 

d) contacting the resulting, treated test strip 
with labeled antihuman antibody under conditions 
such that the antihuman antibody forms a complex 
with any human antibody bound to the test strip; 
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e) detecting the presence of labeled antihuman 
antibody bound to the test strip, and thereby the 
presence of the antigenic substance in the sample; 



and 
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f) verifying the correctness of the detection so 
xaade by means of the positive and negative 
controls on the test strip. 

14. A method of detecting in a sample from a human 
subject the presence of an antigenic substance which 
comprises: 

a) pretreating the sample to be tested so as to 
prevent non-specific binding of substances present 
in the sample to proteins, including antibodies 
present on the test strip and specific binding of 
human antibodies to the antigenic substance, and 
thus prevent spurious results; 

b) contacting the resulting pretreated sample 
with the test strip of claim 12 under conditions 
such that the antibody-based reagent bound to the 
test strip forms a complex with any antigenic 
substance which is present in the sample; 
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c) contacting the resulting, treated test strip 
with labeled antibody directed to the antigenic 
substance under conditions such that the labeled 
antibody forms a complex with any antigenic 
substance bound to the test strip; 

d) detecting the presence of labeled antihuman 
antibody directed to the antigenic substance bound 
to the test strip and thereby the presence of the 
antigenic substance in the sample; and 



e) verifying the correctness of the detection so 
made by means of the positive and negative 
15 controls on the test strip. 

15. A method of claim 13 or 14, wherein the antigenic 
substance is a virus or viral protein. 



16. A method of claim 13 or 14, wherein the sample is 
blood, serum, or urine. 



17. A method of claim 13 or 14, wherein the 
verification in step (e) comprises contacting the test 
25 strxp with labeled antihuman antibody under conditions 
such that the labeled antihuman antibody binds to human 
antibody bound to the test strip. 
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FIGURE 2 
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